The aim of this study was to investigate the influence of 178-estradiol (E 2 ) on acute necrotizing pancreatitis (ANP) induced by glycodeoxycholic acid in rats. Rats were divided into six groups as sham + saline, sham + single dose E 2 (SDE z)' sham + multiple dose E, (MDE z), ANP + saline, ANP + SDE z' and ANP + MDE z. ANP in rats was induced by glycodeoxycholic acid. The extent of acinar cell injury, mortality, systemic cardiorespiratory variables, functional capillary density (FCD), renal/hepatic functions, and changes in some enzyme markers for pancreatic and lung tissue were investigated during ANP in rats. The induction of ANP resulted in a significant increase in the mortality rate, pancreatic necrosis, and serum activity of amylase, alanine aminotransferase (ALT), interleukin (IL)-6, lactate dehydrogenase (LDU) in bronchoalveolar lavage (BAL) fluid, serum concentration of urea, and tissue activity of myeloperoxidase (MPO) and malondialdehyde (MDA) in the pancreas and lung, and a significant decrease in concentrations of calcium, blood pressure, urine output, pOz' and functional capillary density (FCD). The use of E, did not alter these changes. E, demonstrated no effect on the course of ANP in rats. Therefore, it has no value in the treatment during acute pancreatitis.
can modulate immune and various organ functions after injury (8) (9) (10) (11) . Estradiol is the predominant circulating sex hormone in females. Studies have also shown that administration of a single dose of 1713-estradiol (E z ) in male rats following trauma-hemorrhage T-H, sepsis or ischemia-reperfusion normalizes immune cell function and improves depressed cardiac function and attenuates liver, intestine and lung injury (12) (13) (14) (15) (16) . Additional findings also demonstrate that E, administration improves splanchnic perfusion following T-H and sepsis (17, 18) .
Therefore, in this study we examined the effect of E, on the extent of acinar cell injury, mortality, systemic cardiorespiratory variables, functional capillary density (FeD), renal/hepatic functions, and changes in some enzyme markers for pancreatic and lung tissue during ANP in rats.
MATERIALS AND METHODS
Seventy-eight male Sprague-Dawley rats weighing 300-350 g were used. They were housed in rooms maintained at 21± IDC and a 12:12 light: dark cycle. Animals were fasted overnight before the experiment, but had free access to water. The care was provided in accordance with the Ethics Committee of Karadeniz Technical University, Trabzon, Turkey (Number 43, 18.2.2010) .
Anesthesia was induced with vaporized ether and maintained by an intraperitoneal injection of ketamine 50 mg/kg (Ketalar, Eczacibasi, Istanbul, Turkey). The right internal jugular vein and carotid artery were cannulated (Luer Lock, ID 0.5 mm, Braun AG, Melsungen, Germany). The catheters were tunneled subcutaneously to the suprascapular area. During the experiment, the animals were housed in metabolic cages, which enabled quantitative assessment of urine production.
Acute pancreatitis was induced by an intravenous infusion of cerulein (Sigma & Aldrich Chemie GmbH, Steinheim, Germany) at a dose of 5 ug/kg/h over 6 h superimposed on a standard infusion of 1.2 mLlkg glycodeoxycholic acid (10 mmol/L, Sigma, St. Louis, MO, USA) into the biliary-pancreatic duct for 10 min at 30 mm Hg as described by Schmidt et al. (19) . A special infusion pump for pressure and volume control (IVAC P 7000, Alaris Medical Systems, Hampshire, United Kingdom) was used. Cerulein was reconstituted in physiological saline and infused at 8 mLlkg/h as the baseline hydration. The animals of the sham group were given intraductal saline followed by a 6-h intravenous infusion of saline.
The rats were randomized into six experimental groups ( Fig. I) . Those in the first group (sham+saline, n= I0) had arterial and venous lines placed and were given intraductal saline followed by a 6-h intravenous infusion of saline.
Following the 6-h period, I mL saline was given intravenously, and saline was infused intravenously at 6 mL/kg for the last 18 hours. At 24 hours from the beginning of the experiment, the cardiorespiratory function was assessed by monitoring the arterial blood gases, mean arterial pressure (MAP), heart rate (HR), renal function by the collection of urine using metabolic cages, and survival. The rats with MAP <80 mmHg, p02 <80 mm Hg, pC0 2 >50 mmHg, and pH <7.3, and the dead rats were excluded from the study. At 24 h, the rats were again anesthetized by ketamine and laparotomy was performed. The pancreas and spleen were exposed on an adjustable stage. The orthogonal polarization imaging video microscope (Cytoscan AIR, Cytometrics, Philadelphia, PA, USA) was attached to the moveable shaft and the microcirculation was recorded in six different capillary regions of the exocrine pancreas at least 20 seconds (20) . The images were stored in AVI format on the computer (Sony VGN-FW 23OJ/H). Thereafter, the blood samples were taken from the carotid artery for the measurements of serum concentrations of electrolytes, calcium, urea, creatinine, and glucose and activities of amylase, alanine aminotransferase (ALT), and interleukin (IL)-6. At 24 hours after the blood withdrawal, a midline sternotomy was performed and the left main bronchus was clamped. Bronchoalveolar lavage (BAL) of the right lung was performed with 2 mL phosphate-buffered saline containing 0.07 M ethylenediamine tetraacetic acid (EDTA) and this procedure was repeated twice. The combined lavage of approximately 6 mL was centrifuged at 1500 rpm for 20 min at 4 DC, frozen at -20 DC, and assessed subsequently for lactate dehydrogenase (LDH) measurement (21) . The left lung was harvested for the measurements of the activity of the myeloperoxidase (MPO) and malondialdehyde (MDA) levels. The excised lung tissues were rinsed in saline, blotted dry, frozen in liquid nitrogen, and stored frozen at -80 DC until thawing for measurement of MPO and MDA activity. At the end of the experiment, the entire pancreas was removed. The pancreas was divided into two parts, one for the histological examination and the other for the measurements ofMPO and MDA activity.
The second group (sham + SDE 2, n=10) and the third group (sham + MOE" n=IO) were was given I mg/kg body weight E 2 (Sigma) intravenously at 6 hours for single dose and at 6, 12 and 18 hours for double doses (9) (10) (11) . The fourth group (ANP + saline, n= 16) was treated according to the protocol of Group I after the induction of ANP. In the fifth group (ANP + SOE 2, n=16 group), ANP was induced and E 2 was given, as in Group 2. The sixth group (ANP + MOE 2, n=16) was treated according to the protocol of Group 3 after the induction ofANP. Saline or E, in pancreatitis groups were given 6 hours after the induction of pancreatitis. Since ANP in small animals occurs 4-6 times faster than in humans and most patients with acute pancreatitis are admitted 24-36 hours after the onset of pancreatitis, this period is closer to the clinical situation (22) .
Blood pressure and HR were measured with a pressure monitor (Petas KLM 200, Istanbul, Turkey) by connecting the arterial line to a pressure transducer. The blood gases were analyzed using a Ciba Coming 865 analyzer (Chiro Diagnostica Co, East Walpole, MA, USA). The serum activities of amylase and ALT, and the concentrations of glucose, creatinine, urea, calcium, LDH in BAL, and the electrolytes were measured by an auto analyzer (Vitros 750 auto analyzer, Johnson & Johnson, Rochester, NY, USA).
Orthogonal polarization imaging has been suggested for recording and quantifying changes in the microcirculation (29) . The technique uses optical filtration of polarized light that is absorbed by hemoglobin so that red blood cells appear dark. The recorded images were analyzed by software using MAS image analysis system. MAS was developed at the Academic Medical Center, University of Amsterdam, the Netherlands by Dr. Iwan Dobbe, Professor Can Ince and Dr. K.R Mathura. FCD, identified as the best parameter for the measurement of the microcirculation, was defined by Messmer (29) . FCD was defined as the length of red blood cells-perfused capillaries (ern) per observation area (cm-). We thus selected FCD as the parameter for measurement of the microcirculation.
Serum IL-6 concentrations were measured with commercial ELISA kit (IL-6, Bio source Cat No: BMS 625) and an ELISA reader (Sanofi Diagnostic Pasteur LP 35, Marnes-la-Coquette, France). The tissue-associated MPO activity was assessed by a modification of the method described by Schierwagen et al. (30) . MPO activity was expressed as U/mg protein. The lipid peroxidation in tissues was assessed by measuring the concentration of MDA using a colorimetric reaction with thiobarbituric acid by modification of the method described by Buege and Aust (31) . MDA concentrations were expressed as nmol/mg protein. Protein concentrations of supernatants (for MDA and MPO levels) were measured by Lowry's method (32) .
Finally, half of the pancreas was fixed in 10% buffered formalin, and after sectioning, it was stained with hematoxylin and eosin. Two pathologists expert in pancreatic pathology conducted the histopathological evaluation. They were blinded to both the induction technique and the additional drugs given. Edema, acinar necrosis and inflammation were assessed using a scoring system from 0 (no pathologic changes) to 3 (maximum inflammatory infiltration, total necrosis of the pancreas), as previously described (19) .
Results are presented as the mean ± (SEM). The significance of the differences in survival rates was assessed by Fisher's exact test, and histopathological results and enzyme activities by the Kruskal Wallis and Mann-Whitney U test, and the differences were considered significant at P<0.05.
RESULTS
The mortality rate was found as 0% in the sham+saline group, 0% in the sham-i-Sfrli, group, 0% in the sham-Mlrli, group, 44% in the ANP+saline group, 50% in the ANP+SDE z group and 50% in the ANP+MDE z group. There was a significant difference between the pancreatitis and sham groups (P<0.05, Table I ). The use of E z single or multiple doses did not change mortality.
The induction ofANP led to a significant decrease in MAP, an increase in HR, and a reduction of urine volume, pOz and FeD. The use of E, did not change these alterations (Table I) .
The induction of pancreatitis resulted in a significant increase in serum activity of amylase, ALT, IL-6, and serum urea (Table II) , and a decrease in serum calcium concentration in the pancreatitis groups (Table II, P<0.05). The use of E z single or multiple doses did not change these values. Serum glucose and creatinine values showed no changes in any group (Table II) .
A significant increase in LDH in BAL in the .. (Table II) . According to the histological examination, the ANP groups had greater edema, necrosis, and leukocyte infiltration than the sham groups (Table   III) . Similar necrosis in the ANP+saline group, the ANP+SDE 2 group and the ANP+MDE 2 group was observed (Table III, Fig. II) .
DISCUSSION
Our results indicate that the induction of ANP resulted in a significant increase in the mortality rate, pancreatic necrosis, and serum activity of amylase, alanine aminotransferase (ALT), interleukin (IL)-6, serum concentration of urea, and lactate dehydrogenase (LDH) in bronchoalveolar lavage (BAL) fluid, tissue activity of mye1operoxidase (MPO) and malondialdehyde (MDA) in the pancreas and lung, and a significant decrease in serum concentrations of calcium, blood pressure, urine output, paz, and functional capillary density (FCD). The administration of E, did not alter these changes.
In this study, the ANP model described by Schmidt et al. (19) was used. This model provides a superior opportunity to study an innovative treatment by standard processes. We chose severe forms of acute pancreatitis as an induction method for pancreatitis because mild or moderate forms of acute pancreatitis can be treated with minimal morbidity and mortality (2) . ANP in small animals is 4-6 times faster than in humans and most patients with acute pancreatitis are admitted 24-36 hours after its onset (22) . Therefore, we administered E z 6 hours after the induction of pancreatitis. We gave 1 mg/kg body weight E z intravenously at 6 hours for single dose (9) (10) (11) . Chaudry et al. suggested that single dose E, 1mg/kg body weight is appropriate for the protective effects of E, (9) (10) (11) . When we saw in the first part of our study the infectivity of E z we added multiple doses of E; The first step in the treatment of acute pancreatitis is appropriate fluid replacement, so we used appropriate fluid replacement to restore the organ function (6 mL/kglh) after the induction of ANP. Since we used severe form of pancreatitis model and this aggressive model does not allow long-term survival, we completed our experiment at the 24-hour post-pancreatitis endpoint.
In the last 20 years, Chaudry et al. demonstrated in numerous studies that E z plays an important improving role in many organ systems after T-H and resuscitation (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The metabolic and physiologic effects of estrogen are mediated through its receptors (ER). ER as isoform ER-a and ER-P are located intracellularly and act as transcription factors in modifying gene transcription after ligand binding (13) (14) (15) (16) . These effects of E, are termed also genomic or nuclear effects. Recent studies have shown the role of ERs in Ez-mediated protection of various organ functions after T-H. ER-a reduced inflammatory response in liver and small intestine and prevented the increase in Kupfer cell cytokine production through normalized mitogen activated protein kinase activation (MAPK) after T-H and restored cytokine production of splenic macrophages, alveolar macrophages, peripheral blood mononuclear cells and improved T cells function (13) (14) (15) (16) . Studies have also shown that ER-B-mediated cardiac protection is improved by upregulation of heat shock proteins (6) . Heat shock proteins are also known to regulate apoptosis (16) . Besides, ER-B attenuated inflammatory response in lung and small intestine and improved hepatic function after T-H (13) (14) (15) (16) . Further studies demonstrated that estrogen, except nuclear ERs, a cell surface receptor, GPR30 (G-protein coupled receptor) are also described to have affinity to estrogen (13) (14) (15) (16) . These effects are termed nongenomic or membrane-initiated steroid signaling (16) . Nongenomic effects of E, occur through classic ER-a and ER-B and occur very rapidly. The phosphotidylinositol-3-kinase (PI3K)/ Akt pathway mediated the nongenomic effects of E, in the heart and small intestine (16) (17) (18) (19) (20) (21) (22) (23) . Recent studies using E, have suggested that Ez-mediated cardio protection, attenuation of intestinal inflammation, apoptosis and cytokine production of the macrophages and Kupfer cells are mediated via nongenomic pathway after T-H (16) (17) (18) (19) (20) (21) (22) (23) . The genomic and nongenomic pathways work synergistically in the regulation of organ function. Surface and nuclear ERs are required for the full action of E z. Pancreatic necrosis is the hallmark of severe pancreatitis and shows a strong relationship to the mortality rate (24) . Auto digestion ofthe pancreas by activated digestive enzymes, ischemia ofthepancreas, apoptosis and ischemia-related reactive oxygen species (ROS)-associated lipid peroxidation cause pancreatic damage during acute pancreatitis (2-4, 24, 25) . Microcirculation disturbance is an important pathogenetic factor during acute pancreatitis (3) (4) (5) . The microcirculation of the pancreas can be measured by diffuse reflectance spectroscopy, intravital microscopy, multiple indicator dilution technique, and orthogonal polarization imaging (3, 4, 29) . We measured pancreatic microcirculation by orthogonal polarization imaging in this study. In our study, the induction of pancreatitis resulted in a decrease in FeD and increase in ischemic mediators such as pancreatic tissue MPO and MDA. Many authors have reported similar results using intravital microscopy, diffuse reflectance spectroscopy or orthogonal polarization imaging during acute pancreatitis (3, 4, 20) . The use of E z did not change decreased FeD and increased pancreatic tissue ischemia mediator MPO, MDA in this study. Estrogen improves blood pressure, cardiac output and splachnic perfusion after T-H, sepsis or ischemia-reperfusion injury (8) (9) (10) (11) (12) . While E, in those studies is given in 2 h after the injury, we administered E z 6 h after the induction of acute pancreatitis. Also, we chose the induction method for the severe form of pancreatitis. We chose mild or moderate form of acute pancreatitis to see the beneficial effects of E z on these parameters.
Recently, it has been realized that the release of intracellular product such as bioactive peptides, heparin sulphate, high mobility group bax-l , heat shock proteins, hyaluronic acid, and RNA from damaged and injured cells can have paracrine-and endocrine-like effects on distant tissue to activate the inflammatory response (33) . These molecules that are released from cells are known as damageassociated molecular patterns (DAMPs) (33) . DAMPs are recognized by cell surface receptors to effect intracellular signaling that primes and amplifies the immune response. These receptors are known as pattern recognition receptors (PRRs) and include Toll-like receptors (TLRs) (34) . The bacterial products include lipopolysaccharide and DAMPs through TLR-activated intracellular signal pathways such as NF-KB, p38 mitogen kinase and JNK in leukocytes (34) . All these pathways result in cytokine and mediator production, and leukocyte endothelia interaction. Leukocyte is known to mediate microvascular and parenchymal injury by the release of various mediators such as ROS, proteases, leukotrienes, eicosanoids, PAF and NO resulting in vasomotor changes, endothelial injury and loss of the microvascular integrity, which finally lead to cell death and organ failure (35) . Weidenhach et al. reported that animals with pancreatitis die due to multi-organ failures through the development of systemic inflammatory response to pancreatic injury by the activation of various enzymes, cytokines, and vasoactive substances (36) . Acute lung injury and acute respiratory distress syndrome (ARDS) often occurs in the early stage of severe pancreatitis and may be related to early death (27, 28) . The production ofROS by the activated leukocytes resulting in increased capillary permeability plays a major role in the pathogenesis ofARDS (28) . We used LDH level in BAL fluid for the assessment of capillary permeability (28) . The induction ofANP resulted in increased LDH in BAL fluid, decreased pOz and increased activities of MPO and MDA in lung tissue. Administration of E z normalizes TLRs and lung injury after T-H (29, 37) . We were not able to observe an improving effect on the lung injury since we gave E z very late compared to these studies.
After the induction ofANP in our study, increased concentration of serum urea and ALT activity and decreased concentration of serum calcium and urine volume occurred. The use of E z did not improve these changes. T-H and ischemia-reperfusion injury induces Kupffer cell cytokine production and hepatocellular damage. E, improves hepatic injury and prevents the increase in Kupffer cell cytokine production (8, (10) (11) (12) 23) . A difference between our study and other studies is the time of E z -administration. On the other hand, some effects of E z are mediated by genomics and need time to show its effect, and the 24-hour time point may not be appropriate for the full action of E z to be evident.
Some markers, such as trypsinogen-activated peptide, C-reactive protein, TNF-<X, IL-6 and IL-IO can be used as an index for the severity and outcome of the disease in experimental studies (38) . We measured serum IL-6 as a marker. The use of E z did not improve serum IL-6 level in our study. This finding correlated with the pancreatic damage and mortality rate. Despite our expectation of an inhibitory effect of E z on cytokine release, we observed no effect on the serum IL-6 (9, 11, 14, 15) . We administered E z 6 hours after the induction ofANP, which may explain this effect.
We conclude that ischemia of the pancreas is a major cause of pancreatic necrosis. Multiple organ failure induced through ischemia-related ROS, which was produced by activated leukocytes, has an important role in the progression of acute pancreatitis, and the administration of E, did not improve cardiovascular, hepatic/lung/renal functions, serum IL-6, or pancreatic microcirculation. It does not reduce pancreatic mortality or pancreatic damage during acute pancreatitis. Moreover, E, has limited effects during the course of ANP in rats; therefore, it has no role in the treatment of acute severe experimental pancreatitis in rats.
